The development of lateral roots in Arabidopsis thaliana is strongly dependent on 19 signaling directed by the AUXIN RESPONSE FACTOR7 (ARF7), which in turn 20 activates LATERAL ORGAN BOUNDARIES DOMAIN (LBD) transcription factors 21 (LBD16, 18, 29 and 33). Here, the product of PRH1, a PR-1 homolog annotated 22 previously as encoding a pathogen-responsive protein, was identified as a target of 23 ARF7-mediated auxin signaling and also as participating in the development of lateral 24 roots. PRH1 was shown to be strongly induced by auxin treatment, and plants lacking 25 a functional copy of PRH1 formed fewer lateral roots. The transcription of PRH1 was 26 controlled by the binding of both ARF7 and LBDs to its promoter region. An 27 interaction was detected between PRH1 and GATA23, a protein which regulates cell 28 identity in lateral root founder cells. 29 2 30 31 Author Summary 32 In Arabidopsis thaliana AUXIN RESPONSE FACTOR7 (ARF7)-mediated auxin 33 signaling plays a key role in lateral roots (LRs) development. The LATERAL ORGAN 34 BOUNDARIES DOMAIN (LBD) transcription factors (LBD16, 18, 29 and 33) act 35 downstream of ARF7-mediated auxin signaling to control LRs formation. Here, the 36 PR-1 homolog PRH1 was identified as a novel target of both ARF7 and LBDs 37 (especially the LBD29) during auxin induced LRs formation, as both ARF7 and 38
35S::LBD16 plus 35S::LBD29) was introduced, the PRH1pro::LUC expression was 157 even more strongly activated ( Fig 5B) . The overall conclusion was that the LBDs 158 regulate PRH1 expression by directly binding to its promoter. library was carried out, using PRH1 cDNA as the bait. One of the positive clones 173 isolated was found to include the coding sequence of GATA23, a gene which encodes 174 a transcription factor known to control LR founder cell identity ( Fig 7A) [8]. The 175 interaction between PRH1 and GATA23 was confirmed using a Co-IP assay, in which 176 C-terminal Myc-tagged full length PRH1 cDNA (PRH1-Myc) and C-terminal 177 GFP-tagged full length GATA23 cDNA (GATA23-GFP) were transiently 178 co-expressed in A. thaliana leaf protoplasts ( Fig 7B) . When the immunoprecipitated 179 proteins were probed with an anti-GFP antibody, it was found that PRH1-Myc 180 co-immunoprecipitated with GATA23-GFP. The suggestion was therefore that PRH1 181 interacts with GATA23 in planta. Further evidence for the interaction between PRH1 182 and GATA23 was obtained using a BiFC assay, in which a strong YFP signal was 183 observed in the nuclei of N. benthamiana epidermal cells co-expressing PRH1 fused 184 to the N-terminal half of YFP and GATA23 fused to its C-terminal half ( Fig 7C) . The auxin induced PRH1 interacts with GATA23, which has been also reported to be 189 up-regulated by auxin [20] . 190 According to this study together with the previous reports, a proposed model was PRH1pro::GUS transgene in a WT (Fig 2A and 2B) , but not in an arf7 background 222 ( Fig 2C and 2D) , which implied that the auxin-induced expression of PRH1 must 223 depend on the presence of a functional copy of ARF7. LBD proteins, especially 224 LBD29, are also involved in the induction by auxin of PRH1. Experimentally, it was 9 225 shown that both ARF7 and LBDs were able to bind to the PRH1 promoter (Figs 4 and 226 5). It will be of future interest to investigate how ARF7 coordinates with LBDs to 227 mediate auxin signaling and therefore to control the expression of PRH1. 228 PRH1 interacts with GATA23 to control LR formation 229 The homo-and heterodimerization of LBD proteins are thought to be an important 230 determinant of LR formation [29, 30] . The AtbZIP59 transcription factor has been 231 reported to form complexes with LBDs to direct auxin-induced callus formation and 232 LR development [31] . All these results suggest that homodimerization and 233 heterodimerization of signaling components are important in LR formation. Here, it 234 was shown that GATA23, a protein which influences LR formation through its 235 regulation of LR founder cell identity [8], interacts with PRH1 (Fig 7) . According to 236 the previous study together with our results, both GATA23 and PRH1 are auxin 237 induced, a process which is dependent on auxin response factor ARF7 (Figs 1 and 2) 238 [8] . Whether the interaction between GATA23 and PRH1 affects the stability and/or 239 the activity of either (or both) of these proteins remains an issue to be explored. as the reference. Details of the relevant primer sequences are given in S1 Table . 287
RNA-Seq analysis

288
RNA submitted for RNA-seq analysis was isolated from the roots of eight-day-old 289 WT and arf7 seedlings (both NAA-treated and non-treated samples), using a RNeasy
290
Mini Kit (Qiagen, Hilden, Germany). The RNA-seq analysis were processed 291 following the methods given by [38] . The ChIP procedure followed that given by [39] , and employed antibodies 297 recognizing MYC and GFP (Abcam, UK). The immune-precipitated DNA and total 298 input DNA were analyzed by qPCR. Details of the relevant primers are given in S1 299 Table. 12 300
Yeast one-hybrid (Y1H) and yeast two-hybrid (Y2H) assays 301 Y1H assays were carried out using the Matchmaker Gold yeast one hybrid Library
302
Screening System (Biosciences Clontech, Palo Alto, CA, USA). The PRH1 promoter 303 was inserted into the pAbAi vector, and the bait vector (PRH1 pro -pAbAi) was 304 linearized, restricted by BbsI, and introduced into the Y1H Goldeast strain along with 305 the prey vector AD-ARF7. Transformants were grown on SD/-Leu-Ura dropout plates 306 containing different concentrations of aureobasidin A (CAT#630499, Clontech, USA).
307
The primers used for generating the various constructs are listed in S1Table. Y2H 308 assays were performed as recommended in the BD Matchmaker Library Construction 309 and Screening kit (Clontech, USA). The complete coding sequence of PRH1 was 310 fused to the GAL4 DNA binding domain (BD) (pGBKT7), and that of GATA23 to the 311 GAL4 activation domain (AD) (pGADT7), and the two constructs were introduced 312 into yeast strain Y2HGold. Interactions were detected following the manufacturer's 313 protocol (Clontech, USA). The primers used for generating the various constructs are 314 listed in S1 Table. 315
Dual-luciferase transient expression assay in A. thaliana protoplasts 316
Protoplasts were isolated from three week old WT leaves following Yoo et al. [40] .
317
The ligation of the PRH1 promoter to pGreen0800-LUC was realized by enzyme 318 digestion and ligation. The primers used for this procedure are listed in S1 thaliana protoplasts using the method described above, then the protoplasts were held 
